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Abstract 
Satellite images have a high capability to estimate the area under agricultural crops. This study aims at identifying the area under dominant crops such 

as in Shushtar Province, using Landsat 8 satellite images during the growing season during 2019. With Maximum Probability technique and Support 

Vector Machine in the first approach and using NDVI index in the second one, crops in different growing seasons and according to their calendar, a 
cropping pattern map has been drawn. In order to evaluate the results’ accuracy, the generated maps have been examined with the reference data. 

Agricultural Jihad statistics of Khuzestan are also used with the results showing that Kappa coefficient and overall accuracy are calculated as 90% and 
80% in the Maximum Probability technique, 92% and 90% in the Support Vector Machine, and 95% and 93% in the NDVI, respectively. Based on 

the results, the cultivation area of wheat, barley, rice, and corn, in the Maximum Probability technique, in comparison with the statistics of Agricultural 

Jihad, has had an error of 12.6%, 16.4%, 8.7%, and 6.6%, respectively and in case of the Support Vector Machine, an error of 10.1%, 8.3%, 5.1%, and 
7.2%, respectively. However, using the NDVI index as the best approach to estimate the cultivation area in this region, in comparison with the 

statistics of Agricultural Jihad, has had an error of 2.4%, 1.5%, 4.3%, and 4.6%, respectively, which indicates the high capability of vegetation indices 

to estimate the Cultivation Area, in accordance with their phenological stage. 
 

Keywords: Classification, cultivation pattern, NDVI, satellite imagery, Shushtar.  



%	�$ &'()*� +,(% )�-./�$0 �-	�$ &'()*� �%1�$ &'(*�  

  

 ����24 �  ���	
2 �  ���
���1401 

466

  

1����� .  

�$%
��&' �# 4��	G �0M��
�� �'
 �/�]� �
�^6 $��%�/� 

_
 ����. �.�� 4��
�� � +��/�4�
�^D �
 !�" �# 

����� �!�' +�� .H/�`� $%
��&' �!��� +�! %� �3P
 

aI# �@-� %� ��/"W$�� ��
�^6 +/	�� ���3�! � �# �^6 

+�� .$%
��&' 
��
�? � �G�
% ()��*� � �6�# �4, 
! 

�/��� �^6 � +/	�� �
�^6 
! +/�@. ��A ��
 a=� $�/0' 

) !
�!Mushtaq & Asima, 2014; Gumma et al., 2016 .(

a
�QP� +/�@. � $�
d# ��/>8 �	��� �J/� �����C&" �# 

$%
��&' e8�	� �/f]� �3��^D � �# 
�8 F���� gG�# �//h� 

$�L�� +&' � 
��, i�#�� �# ��� 4, ) +��Kumar & 

Jeganathan, 2017�+&' $�L�� .( JM�A �j/3� a	' 

J#�=3� 4���� � k/*� ��/>8 +�� �j	� �' �# JC�$�/D 

K&l�
�/P��h. %���� ��) !��Riahi et al., 2019 .(  

!
�,�# ��� +&'�
% ()��*� K-� �$%
��&' �
�� 

%�/� �����# a
�? ���*� ) +��Gallego et al., 2008 .(

���D, %� m���� ()��*� � +/�R� ��� +&'�
% 4, ��

�# 4��	G �/��� F�D 
! �������� $�L�� +&' n��� �� !��

)Sadoghi & Rouhani, 2021$��
��, .( e/1! �$%
��&' 


�Q#� �@-� $��# ���
 o
! �/��� �^6 � +��/�$
�^D � 

�����#$Q

$!��31� $�� ) +��Jain et al., 2017a
�? .( 

�
�!k
��� $� ���*� �# �/��� �	/-# � �����#$Q

 $��# 

O
%�� ��/-� � (�
!�M _@' ��) �	'Yadav et al., 2002 .(

%� $�� ��L
! �!�!$�� aj	� %� 
�! �3�# (
�1 �# 

_/C2� ����C� �$�3��
!�
 �2/8 � �� ����%�	���� (�Gd8� 

�# �F�L	� �/*M � ��1�� %� +&'�
% ��� m���� 

()��*� �
 K���P ) �		'Nguyen & Wagner, 2017; 

King et al., 2017 .(  

�!�! %� �!�23�� �#�� 
�! %� aj	� $�� 4��# 4���

 �	
Q� � 4��% ��M �# $%
��&' m
�Q� �# �@3�� ��.���

K' <�
 �
�� �# +>�� $�� +&'�
% ��� ���@�� $��

) !�' !
�,�# �>��	� +1! �# �
 �R�
�Mousavi et al., 

2021K� .( �/	l �!�23�� %� �
���� ����%�	l 
! ��8 !�
� 

()��*� ��
 �$%
��&' 4�C�� �!�23�� %� �	*	� �2/8 

 �
 (!
�! i�>�
� ���*� �� �G�
% K
�=� �# �') ����%

��  �!�# �Qj� p�>
�=� ���*� �� $��# �2/8 �	*	� �
� .��!

�� )�# �
 H03I� ()��*� �/# Q
�@� +/0#�1 � !�#

)Rahimzadegan & Pourgholam, 2017�# .(  +-#�&� +0G

8�# �
��� _
 %� �!�23�� 4�C�� �()��*� 4�/� �2/  
�q	�

) !
��� !�.� +&'�
% ��� r��I3��Caren et al., 2001 .(

���D 4�/� _
\���	P $)�# �d3"� �D� _/C2� ����# ��

���D5��	� ��) +�� ��Sadoghi & Rouhani, 2021�# .( 

�/@� J/�! $��# _/C2� �/# $%
��&' ()��*� H03I� 

�# �!�23�� %� �
���� ��2/8�	l 506� �
���� %� ����%�	l 

�!�23�� ��) !��Joshi et al., 2006 .(  

a��s? 4�	'�� 
! $!��3� $�� ��#�
 �# ��� !
�,�# 

+&'�
% ()��*� H03I� �# m���� <�
�� �!�! �$�� 

aj	� %� 
�! ��/�
 F�j�� �# .+�� Huang et al. )2002 (

+1! 4�Q/� �=>8	#$� �/��� 4�>/3&? 
�!�# �' �# J��'$�� 

H03I� F�j�� ��� �
 !�# �# <�
$�� �C>� ��>�G �B'��A 

��@3A� +"
! � K/@��$�/D ��
�=� ��!�' .�# �.��  �#

N
�3� ������ <�
 �/��� 
�!�# 4�>/3&? ��
�=� 
! �# 

<�
 $�� ��L
! a/# �
�� +1! � �B'��A <�
 ���@3A� 

K' �
�� +1! �
 +��!. Lobell et al. )2003 _
QC� 
! (

 ��� +��	� �
���� � ���*� ��
 $\���	P 5/'�� �#

2000  ���/�
 �j/3� �
� �# � ��!�' !
�,�# �
 ���*� 4�Q/�

a/? N
�3� �' �� �0*� V�/=� 
! ()��*� �	/#20  �M
!

K� .+�� �/h3� E"�� �/	la��? $�� �/q� ���/DNDVI 

.�	3�� 5��	� ���*� �//�� $��#  

Rahimzadegan & Pourgholam )2017�//�� +-. ( 

��� +&'�
% ��/D 4��2G% +#�� 4�3��-�  %� �

�/A

<�
�=>8 $��E"�� � +��	� �
���� $�	#$��  ���/D



���23� 45, 678�93 *:-;�$ 6����9� �� �����,0 60 ��;�73 ��0-��$ 8,%<" 8 )�+"�5$ ��-$� : ���,3?
 3�
-
(  

  

 ����24 �  ���	
2 �  ���
���1401  
467


! �
�! r�� �L	
Q>� 4��2G% �# ��
�# K
�=� �G�
% 4, 

4, N
�3� .��!�' �!�23��� !�! 4�&� ���� +&'�
% 
! <�
 

�/��� 
�!�#  �0' +*M �# 4�>/3&?95  5
�R � �M
!

 $�?�'90 �# �M
!  
! ���� !�C
�
 <�
 �
�3-# 4��	G

 !��A �
��" $%
��&' !�-. 
��, �# ��
�=�18  �M
!

 E"�� %� �!�23�� ��� .+��!NDVI �#  <�
 �
�3-# 4��	G

4�&� �F�! !�C
�
 
! ��� ��	�!7118  !�# 
�3C� 
! �'

) $%
��&' !�-. 
��, �# ��
�=�7550  !��A �
��" �(
�3C�

7/5 �
��#�	# .!�! 4�&� �
 $�M
! N
�3� a��s? 4�&���	�! 

�
�
�' 5��	� E"��$�� 4��% ���/D �	� 
! !
�,�# ��� 

+&'�
% 4��2G% �# �.�� �# $\���	P 4, !�#.  

Riahi et al. )2019()��*� +&' $�L�� �&=� ( 

�G�
% 5��6 �/A�� (���j	� 4�-2M� �
 �# �!�23�� %� �
���� 

+��	�8 � �=>8�B'��A $�	# ��@3A� �  E"��NDVI �# 

�.�� �# K
�=� �G�
% 4,�/-� �� ��!�' .N
�3� 4�&� !�! �' 

��� +&'�
% F�	D � ��. 5/� �N��#�	/�% � �P�0G 
! 

<�
 �B'��A ���@3A� 
! ��
�=� �# !�-. 
��, $%
��&' 

�# 5/��� �
��" �#��#  �#2/10 �6/18  �8/1  ��� .+��!

 E"�� %� �!�23��NDVI 
! ��
�=� �# 
��, $%
��&' !�-. 

�# 5/��� $�
�! �
��" �#��#  �#6/6 �5/6  �2/3  �!�# �M
!

4�&� �' !
�,�# 
! ���/D E"�� 5��	� �
�
�' ��	�!

4, $\���	P �# �.�� �# ()��*� +&'�
% ���.!�# �� 

Mousavi et al. )2021�# (  +&'�
% ��� !
�,�# 
�q	�

�
����� �
���� %� 4�j�% 
! !�
 V�j� �=�	� K
! F�	D $�

J	/3	�2  ��@3A� �B'��A � 4�>/3&? 
�!�# �/��� <�
 �! �

 +1! �# 4�>/3&? 
�!�# �/��� !�! 4�&� N
�3� .��!�' �!�23��

 �0'89  $�?�' 5
�R � �M
!88 
 �# +>�� ��M
! <�

 +-. � +�� 
�!
�"�# $��)�# +1! %� ��@3A� �B'��A

 �
 4�>/3&? 
�!�# �/��� <�
 +&'�
% ��� r��I3��

 !�-. 
��, �# +&'�
% ��� N
�3� ��
�=� .�� !�-	&/?

 ���*�� $%
��&'18  ���*� 4�Q/� .!�! 4�&� �
 �M
!

�# +&'�
% ��� %� �!�23�� �# Q/� F�	D �>3�! +�!  %� ���,

=>8 <�
� �� ��
�=� �
�3��
 ������ 4��%�� 
��, �# �$�	#

 ���*�� 4�Q/� �'17  .!�! 4�&� �
 �M
!  

a��s? �R�A �# �Q/L�� �3P�
 ���
 O
�� ���@� �# �31! 

J#�1 ��>1 $��# !
�,�# ��� +&'�
% ()��*� $%
��&' 

�# 4�3�%�" 4�3�� 
! �3��� 4�3��-� $
��	P %� aj	� 


�! �
����� �
���� �F�j�� $� ��� +��. �3��� 4�3��-� 

�C
 %� Q'��� K-� $%
��&' 4��
� 
�&' 
! �# 
�@� �� �!��

 ()��*� +&'�
% ��� +/�R� %� ���D, �
��#�	#

�� 4�3��-� �
� 
! $%
��&' �//�� 
! ���
�� _@' �����

 (��/��� !�%�� �
 !�>@' 4�Q/� � E��" �/��� 4�Q/�

�# �$%
��&' �# (�>f 
�q	� �R�A a��s? .���# �3��! 
�%

t�	. e8�	� �# Q'�@� �# !
�! �q� 
!  4�/� 
! 
�&' �#�6

K3

�L���=>8 H03I� $�� �
����� �
���� $�	# � $�

E"��a��? $�� �# �
 <�
 �
�3-# ����/D  !
�,�# 
�q	�

 �3��� 4�3��-� 
! $%
��&' ()��*� +&'�
% ���

� ������� �
� ��� �^� .�	' �P��� aj	� _/	C� %� �!�23�

+��	� �
���� � 
�! %�8  �
���	� $��# ��
 �
�! ��8 
!

.!�# $%
��&' ()��*� +&'�
% ���  

  

2�	� 	 ���� .
�  

2 .1 ����� .���
������  

4�3��-� �3��� �# +A��� 15/243282 
�3C� � m�2�
� 

150 �3� %� ��� t,�!�%, $�� 
! �
�/P��h. +/�1�� 48 

�.
! � 33 �=/1! �� 49 �.
! � 12 �=/1! ��8 �1�� � 

31 �.
! � 36 �=/1! �� 32 �.
! � 8 �=/1! u�G ���@� � 


! ��@� �1�� �L0. 4�3�%�" O1�� ��� +�� )JC� 1 .(

�
� 4�3��-� $�
�! 4�3�#�� $�� F�D � 4�3��% $�� ��3�� 

����3
�� $� +�� . %� a/# ��3��� 4�3��-� 
!75  
�Q�

&' �/�% 
�3C�� !
�! !�.� K
! � �#, $%
��  ��)��550 

�� �/��� 4�3��-� �
� 
! ���*� �� 
�Q� .!��  
  

  

  

  

  



%	�$ &'()*� +,(% )�-./�$0 �-	�$ &'()*� �%1�$ &'(*�  

  

 ����24 �  ���	
2 �  ���
���1401 

468

    

  
 AB
1�+"�5$��-$ �#5<$ 8(+C-$ .  

  

2 .2���� . �
���
�� �����  

(�Gd8� �!�23��!
�� 
! �
� �a��s? J��� �
���� 

�
�����$� � (�Gd8� K
�=� �# i�#�� �G�
% ()��*� 

��=�	� �# �s
� ()��*� ��@G � e#��� �I

�� �# �
�� 

$%
��&' ()��*� +��. K� �/	l� %� 
��, 4��%�� 

!�-. $%
��&' 
! 4�3�%�" 4�3�� ��� 1398  +-.

 
! .�� �!�23�� N
�3� �#�
%
�a��s?  �/0' ��R�A

<%�!�? �
���� $�
 �# F%) $��OLI
1 +��	�8  (
�M

�!�! �
� .+P�
^? +
�� %� ��USGS 

)www.earthexplorer.usgs.gov <%�!�? .���� �/-� (

F%) ��#$ t�I3�� 4��% ��# 5��	�$ �/-� �
����  V����#

m�� ()��*� � N��# ��. �F�	D) ��@G F�j�� ((
W 

+P�D. K� �/	lm���� �
���	� $��# � ()��*� �G�
%  �

�//�� �&=� �L��$ �+&' V����# K
�=� �G�
% �  JA���

\���	P$ �()��*�  %� $�#� K' a��? �# �
����

�
!
��P ���  ���
�
�-� ��1398 �# 
�8 ������ � _
!Q� 

�# 4��% ��
  ���.) �� �/-� $%
��&' ()��*�1 .(  

  

                                                                                    
1. Operational Land Imager 

 E�%11 �%<F<, 60 �����,0��-$ 37��;� .OLI 8,%<"8  

�
��� �
�@�  ��@� v

��  $!d/� v

��  

 �
���1  14  �
!
��P1398  3  J

�,2019  

 �
���2*  17  +&->
!
�1398  7  ��2019  

 �
���3  16  !�!�"1398  6  �w�\2019  

 �
���4*  16  �/�1398  7  �/w�\2019  

 �
���5  14  !�!��1398  5  (��2019  

 �
���6*  15  
�
�-�1398  6  �>��3x�2019  

* ��0-��$ 37��;�HI�<$ �0  

  

_/C2� $��# �R�
�  �=�	� +&'�
%������!
�� %� �

 �
����17 +&->
!
� ��� 1398 �16 �/���� 1398  �15 


�
�-���� 1398  ��	j	�OLI  ���. 
! .�� �!�23��

)2(()��*� �G�
% K
�=� ��
�=� � H03I� $��# �//�� 

4��% 5��	� �/-� 4�&� �
��� �!�! ��� +��.  

  

2 .3"�# .$%	
&' �(��$# �����
���  

�# J/�! 4,  �'�
���� +��	� 8 
! � �!�# O.�� �/�% �

�# ���-. (��3I� +1! 5��	� �R�G � �&3	� �� %� ����� 

4�@� (�Gd8� �/�% O.�� !�.�� 
! �
���� �!�23�� ��.  
  

  

  

  

  

  

  

  

  

  



���23� 45, 678�93 *:-;�$ 6����9� �� �����,0 60 ��;�73 ��0-��$ 8,%<" 8 )�+"�5$ ��-$� : ���,3?
 3�
-
(  

  

 ����24 �  ���	
2 �  ���
���1401  
469

    

 E�%12�
7�#$ . J7-#� �'0�6 *:-;�$ H"�K �� �#5<$  

���*� m��  
�
����� �
���� 
! �&
�
 +/�R�5I3	� $�  

 �
���17 +&->
!
� ��� 1398   �
���16 ����/� 1398  15  ���
�
�-�1398  

F�	D  �L	
Q>� r�� %� J>1 �@'  

�L	
Q>� r��  

��� !
%   +&'��&�  

�.  ��� +��!�#  ��&� +&'  

N��#  ��&� +&'  ���" %�6,��!  J��' �D�/�
  

(
W  ��&� +&'  +�� 5��6 o�" t��%�# � a
�
 J
���*  �L	
Q>� r�� %� J>1 �@'  

�� * L�M 45, ��� ��(N �-1� O%' A("�  

  

+-. a
�QP� 4�Q/� (�Gd8� J#�1 r��I3�� %� 

��
���� (�*/*�� �C
�3��
!�
 � $�2�@�� �# $�
 

�
���� !�# %�/� .�# J/�! (��f� �. �# $�
 $\��� 4�Q/� 

+>f ��� k��� ���	j	� $��# J/0*� �!�!$�� �
��� �
�# 

�f� �. (
�M 
! 4�C�� J
��� !�� .�# J/�!  %� �!�23��

<�
$�� �=>8E"�� � $�	#�. (��f� ��2/8 $�� �# 

$�
 N
�3� 4,�� �/f]� +���� $!�
% .�
��#�	#  <�
 %�

e
�2� J�C/? _

��1 
! .�� �!�23�� +��A ��
��, 

��
�?��/� $�� $�
�! a#�� �2M 
! �@� ��8 r���� 

�	3�� .�
� 
! <�
 u�P ��!�� �' 
! �� ���# %� 

�
��� ��J�C/? 4����
�� �	��� t, +P�
 �' �
!�=� 

�D�	#��%�# 4,�� �2M �
 _
!Q� �# �2M ���# .�# �
� 

5/��� �f� $�. aI? �# (
�M 
��=� +#�f �# J�C/?�� 


! �� ���# �P�R� �� !�� .�# �/@� +-. $��# �^A 

�_
�2�@�� $��" �3�
�# 
��=� �3#�f %� <%
� 

J�C/? $�� �� ���# K' ) !��Bagan & Yamagata, 

2012 ��	j	� �
���� .(OLI k��� +'�� �/�]� ��		'� 

�/*�� !
�� �C
�3��
!�
 
��1 �3P�D���� �# 
�8�' $ 

$
�/�# %� $����" �C/��C� /�C/���3C�� �# $�
 4,�� 

��� ndM� 
! �+�� �j/3� �
� �
���� %�/� �# �/*�� 

�C
�3��
!�
 .�	3����  

  

                                                                                    
1. Dark-Object Subtraction    

2 .4��*+ .�����
� $%	
&' ���,��  

�# 
�q	� �=>8�	#$ (��� !�C
�
) �
����� ��3#� F��1� �# 

+��!�# ���@���$  �@/0���# 4��	G �L��$ (��I&� 

8/2� %� (�=>8 �=�	� ��. �&I# %� �!�!�� +-. 

<%��, �
��� � �&I# %� 4, ��#$ !
�,�# +*M N
�3� 

�=>8�	#$ �# 
�' �3P�D +�� ��� .�C	
� $��# �#  ��
�=�

<�
 �/# �3�
!�=>8 $��i�=� �!�� F�j�� $�	# 

��%��, � �&
��%, ����C
 ��#$ <�
 F�@� $��

�=>8 
! $�	# �3P�D�q� ��. ? !����C/J���$ ���@���$ 

�%��,� � ��%,
&� 
!  ���.)3(  .+�� ��� �!
�,  

  

 E�%13�0%+� . A
B(!��� �/-	/��� �
6-$2 � ��7�$62  

Vd'  
!���� J�C/?$�� 

���@�$�� ��%��,  

!���� J�C/?$�� 

���@�$�� �&
��%,  

F�	D  137  122  

�.  141  103  

N��#  155  145  

(
W  215  226  

  

2 .5.%�$/�	 01
2 .  

��#$ t�I3�� (�>/'�� ���#$ 5��	� ��#$ �=>8�	#$� 

4�Q/� _/C2��
^?$ ��d'��$ H03I� �# �
�? 
�/�� 

_/C2��
^?$ �
��D�� E"��2  +>�� .�� ��
�#

                                                                                    
2. Divergence index  
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3. Linear 
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5. Radial Basic Function 
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